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(57)Abstract: 

PROBLEM TO BE SOLVED: To perform rapidly 100% 
inspection of appropriateness of a cross section in 
convex working by use of a polarization observation 
method. 

SOLUTION: First, with the use of a reference sample of 
transparent substrate, an analyzer 22 or a polarizer 21 is 
rotated so as to maximize a luminance in the center of 
the same cross section of the reference sample, then 
the luminance is computed. By inserting a 1/2- 
wavelength plate 24 into an optical path at an angle of 
22.5° , an optical phase difference is shifted by 45° , 
then the luminance in the center is computed. A 
sinusoidal waveform passing through both points of the 
luminance maximum value in the center and the 
luminance value for the phase difference 45° is 
computed. This sinusoidal waveform is regarded as a 
reference luminance distribution waveform in the same 
cross section of the reference sample provided by 
visualization of the phase difference. Next, with the use 
of a crystal blank 1 to be inspected, the luminance in the same cross section of the reference 
sample is computed, then a luminance distribution waveform is detected. By comparing this 
detected luminance distribution waveform with the reference luminance distribution waveform, 
thickness in the same cross section of the transparent substrate is relatively inspected. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Make light from the light source polarization with a polarizer, and it is given to the 
transparence substrate which consists of a birefringence medium which carried out convex 
processing. Pass the light of a polarization condition which makes a predetermined include angle 
to said polarization with an analyzer from the light which passed said transparence substrate, 
and the phase contrast by the difference in the thickness of said transparence substrate is 
visualized by polarization interference. In the inspection approach of a transparence substrate of 
having been made to inspect processing workmanship of said transparence substrate The 
inspection approach of a transparence substrate of comparing the luminance distribution in the 
same cross section of said transparence substrate which visualizes said phase contrast and is 
obtained with the criteria luminance distribution searched for beforehand, and having inspected 
the thickness in the same cross section of said transparence substrate. 

[Claim 2] The inspection approach of a transparence substrate according to claim 1 by which the 
luminance distribution in the same cross section of said transparence substrate which visualizes 
the phase contrast by the difference in the thickness of said transparence substrate, and is 
obtained is shown with a sin function with a degree type and correlation. 
P=(ne-nO) t and 2 pi/lambda, however lambda: Wavelength nO of the light source : Refractive 
index ne of an ordinary ray : Thickness [ of the refractive-index trtransparence substrate of an 
extraordinary ray ] P: Phase contrast between interference fringes [claim 3] the inspection 
approach of a transparence substrate according to claim 2 — setting — (1) — so that the core 
of the luminance distribution in the same cross section of said correlation sample which 
visualizes the phase contrast by the difference in the thickness of the correlation sample of a 
transparence substrate, and is obtained may serve as max first Rotate said analyzer or said 
polarizer and the maximum of the brightness at that time is calculated. (2) Insert 1/2 wavelength 
plate at the include angle of 22.5 degrees to an optical axis, and 45 degrees of phase contrast of 
light are shifted. The sin wave which passes along two points, the maximum of the brightness of 
said core and the brightness value of 45 degrees of said phase contrast, is searched for. the 
brightness value of said core at that time — asking — (3) — It is considered that this sin wave 
is a criteria luminance distribution wave in the same cross section of said correlation sample 
which visualizes phase contrast and is obtained. (4) Detect a luminance distribution wave from 
the luminance distribution in the same cross section of said transparence substrate which 
visualizes next the phase contrast by the difference in the thickness of the transparence 
substrate which it is going to inspect, and is obtained, and (5) detection luminance distribution 
wave is compared with a criteria luminance distribution wave. The inspection approach of a 
transparence substrate of having inspected the thickness in the same cross section of said 
transparence substrate. 

[Claim 4] The inspection approach of the transparence substrate it was made to rotate 45 
degrees of said analyzers or polarizers in the inspection approach of a transparence substrate 
according to claim 3 instead of inserting 1/2 wavelength plate of the above (2). 
[Claim 5] The light source for polarization observation which irradiates the light which is not 
polarizing towards the transparence substrate which consists of a birefringence medium which 
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carried out convex processing, The polarizer which makes polarization exposure light from said 
light source for polarization observation, and irradiates a transparence substrate, The analyzer 
which detects the light of a polarization condition which makes the predetermined include angle 
which penetrated said transparence substrate. An image pick-up means to picturize the 
transparence substrate of the polarization observation light which passed said analyzer, and to 
visualize the phase contrast by the difference in the thickness of said transparence substrate by 
polarization interference, Test equipment of the transparence substrate equipped with a 
comparison means to carry out the image processing of the image visualized with said image 
pick-up means, to compare the image-processing means and detection transparence substrate 
luminance distribution which detect the luminance distribution in the same cross section with the 
criteria luminance distribution searched for from the correlation sample, and to inspect the 
thickness in the same cross section of a transparence substrate. 



[Translation done.] 
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LThis document has been translated by computer. So the translation may not reflect the original 
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2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to what started the inspection approach of a 
transparence substrate, and equipment, especially enabled inspection of the thickness of a 
convex type transparence substrate on real time by the polariscopy. 
[0002] 

[Description of the Prior Art] Carrying out beveling (beveling) processing of the periphery of the 
plate-like type Xtal blank as the technique of improving the property of a quartz resonator is 
performed. Advancing furthermore, carrying out convex processing of the plate-like type Xtal 
blank, and considering as a lens configuration is also performed. In order to perform beveling 
processing and convex processing, a cylindrical barrel processing system processible extensive 
is adopted in common. This grinds, while putting in Abrasives g with many Xtal blanks 1 in the 
cylindrical barrel 41 and rotating the cylindrical barrel 41, as shown in drawing 18 . Although 
there is an inclination which will serve as beveling processing if it grinds comparatively for a 
short time, and will serve as convex processing if it applies for a long time and grinds, since 
various conditions work, it cannot conclude. In order to make [ which has good repeatability ] the 
property of a quartz resonator good, beveling and convex dimensional accuracy by the above- 
mentioned method are raised, and it is necessary to make it right and left and fluctuating 
become symmetrical. 

[0003] Beveling processing differs from a convex processing condition at the Xtal substrate 
number of sheets which supplies said cylindrical barrel processing system, an abrasives kind, an 
engine speed, temperature, etc., and in these conditions, even if the same, the always same 
beveling condition thru/or a convex configuration are not necessarily acquired. Although the Xtal 
substrate manufacturer has a large place depending on a proprietary know how, the present 
condition is that the know-how also has an uncertain element, and can succeed, or cannot go, 
and can never maintain the same beveling and convex dimensional accuracy, but the accidental 
element is also mixed. In order to raise beveling thru/or convex dimensional accuracy, the 
beveling condition and convex configuration of the Xtal blank side are evaluated, and 
establishment of the detection method which can feed back the result to beveling processing or 
convex processing is needed. 

[0004] Beveling processing attaches a very minute blemish, since it is materialized by shaving off 
surface [ a part of ], in the usual light field observation, a significant difference with a non- 
beveling part does not come out, and the beveling condition of the Xtal blank side cannot be 
inspected by an operator s visual inspection or image processing technique. Moreover, in convex 
processing, although materialized by shaving off surface [ a part of ] similarly, a surface polish 
condition cannot be grasped in the usual light field observation, and the convex processing 
workmanship of the Xtal blank side cannot be inspected by an operators visual inspection or 
conventional image processing technique. 

[0005] For this reason, it could not but depend for the conventional beveling inspection thru/or 
convex processing finish-turn inspection on the physical approach of the (1) pen-recorder 
method, (2) level measuring methods, and (3) projection. 
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[0006] (1) The Xtal blank side is scanned by the pen recorder method probe, it is the approach 
of recording the locus using a pen recorder, and the surface height which met in the scanning 
direction of a probe can be measured. In the convex type case, since stability is bad, fixing to an 
installation base with adhesives is performed. 

[0007] (2) It is an approach using a level measuring method laser height measurement machine, 
and is the approach of vapor-depositing the silver film for reflection at the rear face of the Xtal 
blank, and carrying out a sweep (scan) in the direction of a path (the direction of a straight line), 
irradiating a laser beam on the front face of the Xtal blank, and measuring the level on a straight 
line from the reflected light. According to this, as shown in drawing 19 , the surface height which 
met in said direction of a straight line of the Xtal blank can measure continuously, and the 
condition of beveling thru/or convex processing can be known from surface height. A continuous 
line shows beveling among drawing and an alternate long and short dash line shows a convex. In 
addition, in the convex type case, since stability is bad, fixing to an installation base with 
adhesives is performed. 

[0008] (3) It is the approach of applying carbon powder (black) to the front face of a projection 
Xtal blank, pushing a translucent film and thin paper on it, and making a film and thin paper 
imprinting carbon powder. The imprinted film is expanded and projected on a screen. Since 
carbon adheres to the part by which beveling is not carried out, the imprint situation of carbon 
powder shows a beveling condition visually. This approach is inapplicable to a convex type. 
[0009] 

[Problem(s) to be Solved by the Invention] However, there were the following problems in the 
conventional method mentioned above. 

[0010] (1) since only the data on the straight line in which the height measuring accuracy of the 
pen recorder method polished surface was bad, and scanned the Xtal blank are obtained — the 
whole surface of the Xtal blank — beveling — or convex inspection cannot be carried out. It 
becomes impossible moreover, to use the inspected sample, when it becomes a sampling 
inspection and inspection takes time amount. Furthermore, in a convex type case, the 
troublesome activity of fixing with adhesives further is needed. 

[001 1] (2) although the height of a level measuring method polished surface can be measured 
with a sufficient precision, since only the data on the straight line which scanned the Xtal blank 
are obtained — the whole surface of the Xtal blank — beveling — or convex inspection cannot 
be carried out. Although field data will not be obtained if the horizontal scan is shifted 
perpendicularly, it is not avoided that escape and data arise corresponding to a vertical pitch. 
Therefore, inspection of the whole Xtal blank surface becomes difficult. It becomes impossible 
moreover, to use the inspected sample, when it becomes a sampling inspection and inspection 
takes time amount, since it is necessary to give silver vacuum evaporationo to a rear face. In 
addition, in a convex type case, the troublesome activity of fixing with adhesives further is 
needed. 

[0012] (3) Although it can inspect over the whole projection Xtal blank surface, since it is 
necessary to sample and imprint and project, it becomes a sampling inspection and inspection 
takes time amount very much. Moreover, since it is visual observation, checking data cannot be 
taken. Moreover, inspection of convex processing cannot be performed. 

[0013] Thus, no approaches of of (1), (2), and (3) can be inspected on real time, but also require 
time amount. Moreover, since the unified detection method is unestablishable, beveling 
inspection thru/or a standardization of convex processing workmanship cannot be performed, 
either. Moreover, since suitable data cannot be taken, it cannot feed back effective in a beveling 
processing technique thru/or a convex processing technique. 

[0014] Moreover, variation also produces etching by the acid treatment to which beveling differs 
from a convex processing condition and it is carried out further after that for every batch 
method which treats beveling processing thru/or convex processing in large quantities, therefore 
Xtal blank. Since the time limits/maintenance check had not become settled in spite of it, it 
became difficult to determine tolerance and there was a problem of having treated an excellent 
article as a defective or using a defective as an excellent article. 

[0015] By the way, a flaw detection and profile (dimension) inspection are also demanded of the 
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Xtal substrate besides beveling inspection. Recently, the proposal that a dark field observational 
method is effective in these inspection is made (patent No. 2821460). Then, since the minute 
blemish attached at the time of beveling processing remained in the front face when this 
approach was applied to beveling inspection, and it was before etching also after beveling 
processing, it turned out that it is effective. However, since a front face was graduated and a 
minute blemish disappeared from a front face after etching, it turned out that a dark field 
observational method is inapplicable. Moreover, it turned out that it is inapplicable also to the 
Xtal substrate of the convex type with which thickness differs by the center and the periphery. 
Compared with beveling processing, the front face is finished in homogeneity, and the convex 
type Xtal substrate is because detection is difficult in a dark field observational method. 
[0016] The technical problem of this invention is to offer the inspection approach of the 
transparence substrate which the trouble of the conventional technique is canceled and can 
inspect the cross-section configuration of a transparence substrate objective by the image 
processing, and its equipment. 
[0017] 

[Means for Solving the Problem] The place made into the summary of this invention enables it to 
inspect the cross-section configuration of the transparence substrate of the convex type which 
was not able to be inspected in a dark field observational method by the image processing by 
introducing the polariscopy by that the workmanship condition of a convex type transparence 
substrate with thickness which is different in the same cross section can be imaged, and the 
polariscopy. 

[0018] Carry out 1st invention to polarization with a polarizer, and it gives the light from the light 
source to the transparence substrate which consists of a birefringence medium which carried 
out convex processing. Pass the light of a polarization condition which makes a predetermined 
include angle to said polarization with an analyzer from the light which passed said transparence 
substrate, and the phase contrast by the difference in the thickness of said transparence 
substrate is visualized by polarization interference. In the inspection approach of a transparence 
substrate of having been made to inspect processing workmanship of said transparence 
substrate It is the inspection approach of a transparence substrate of comparing the luminance 
distribution in the same cross section of said transparence substrate which visualizes said phase 
contrast and is obtained with the criteria luminance distribution searched for beforehand, and 
having inspected the thickness in the same cross section of said transparence substrate. 
Generally as convex processing, there are grinding thru/or polish, and etching. A quartz 
resonator, the Xtal blank for filters, etc. are contained in said transparence substrate. Moreover, 
the thickness and the cross-section configuration in a core are included in the thickness in the 
same cross section of a transparence substrate. 

[0019] When giving thickness which performs convex processing to a transparence substrate and 
is different in the same cross section, it is necessary to inspect the thickness seen from the 
cross section. If make light from the light source polarization, it is given to the transparence 
substrate which performed said processing, the light of a polarization condition which makes a 
predetermined include angle to polarization from the light which passed the transparence 
substrate is passed and the transparence substrate of this light is picturized, phase contrast will 
arise by difference of thickness and the interference fringe which consists of ** and dark will 
emerge on the image of a transparence substrate. If said light and darkness are plotted further in 
the same cross section, luminance distribution will be acquired from this image. This luminance 
distribution has the thickness in the same cross section of a transparence substrate, and 
correlation. Therefore, if the luminance distribution wave of the detected transparence substrate 
is compared with the criteria luminance distribution wave searched for beforehand, since the 
amount of gaps of a detection luminance distribution wave to a criteria luminance distribution 
wave is known, the relative thickness of a transparence substrate can be inspected. 
[0020] Moreover, it is desirable that there are a degree type and correlation of the luminance 
distribution in the same cross section of said transparence substrate which visualizes the phase 
contrast by the difference in the thickness of said transparence substrate, and is obtained. 
[0021] P=(ne-n0) t and 2 pi/lambda, however lambda: Wavelength nO of the light source : 
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Refractive index ne of an ordinary ray : Thickness [ of the refractive-index t±ransparence 
substrate of an extraordinary ray ] P: Phase contrast between interference fringes [0022] 
Moreover, as for said inspection, it is desirable to be carried out in the following procedure. 
[0023] (1) So that the core of the luminance distribution in the same cross section of said 
correlation sample which visualizes the phase contrast by the difference in the thickness of the 
correlation sample of a transparence substrate, and is obtained may serve as max first Rotate 
said analyzer or said polarizer and the maximum of the brightness at that time is calculated. It is 
alike to an optical axis, insert 1/2 wavelength plate at the include angle of 22.5 degrees, and 45 
degrees of phase contrast of light are shifted. (2) — The sin wave which passes along two 
points, the maximum of the brightness of said core and the brightness value of 45 degrees of 
said phase contrast, is searched for. the brightness value of said core at that time — asking — 
(3) — It is considered that this sin wave is a criteria luminance distribution wave in the same 
cross section of said correlation sample which visualizes phase contrast and is obtained. (4) A 
luminance distribution wave is detected from the luminance distribution in the same cross 
section of said transparence substrate which visualizes next the phase contrast by the 
difference in the thickness of the transparence substrate which it is going to inspect, and is 
obtained, (5) detection luminance distribution wave is compared with a criteria luminance 
distribution wave, and the thickness in the same cross section of said transparence substrate is 
inspected. 

[0024] It may replace with a sin wave and a cos wave is sufficient. 

[0025] Since a useful dark field observational method cannot be applied when inspecting the 
processing workmanship of a convex type transparence substrate, and inspecting a blemish, 
especially the 1st above mentioned invention is useful. A transparence substrate is desirable 
especially when it is the Xtal blank for quartz resonators. 

[0026] The light source for polarization observation which irradiates the light which is not 
polarizing towards the transparence substrate which consists of a birefringence medium which 
carried out convex processing of the 2nd invention, The polarizer which makes polarization 
exposure light from said light source for polarization observation, and irradiates a transparence 
substrate, The analyzer which detects the light of a polarization condition which makes the 
predetermined include angle which penetrated said transparence substrate, An image pick-up 
means to picturize the transparence substrate of the polarization observation light which passed 
said analyzer, and to visualize the phase contrast by the difference in the thickness of said 
transparence substrate by polarization interference, It is test equipment of the transparence 
substrate equipped with a comparison means to carry out the image processing of the image 
visualized with said image pick-up means, to compare an image-processing means to detect the 
luminance distribution in the same cross section with detection transparence substrate 
luminance distribution and the criteria luminance distribution searched for from the correlation 
sample, and to inspect the thickness in the same cross section of a transparence substrate. 
[0027] This can enforce the invention approach of the above 1st appropriately according to easy 
structure, and can make cheap the installation cost and maintenance running cost. 
[0028] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained using a 
drawing below. Drawing 1 is the outline block diagram showing 1 operation gestalt which applied 
the test equipment for enforcing the inspection approach of the transparence substrate 
concerning this invention to the convex type Xtal blank for quartz resonators. 
[0029] The diffusion plate 23 which said test equipment makes diffuse the light of the source 26 
of the homogeneous light without polarization, and the light source 26, and irradiates 
homogeneity, The polarizer 21 which makes light from the diffusion plate 23 polarization, and the 
installation base 2 which carries the Xtal blank 1 as a transparence substrate which consists of a 
birefringence medium, The light of a polarization condition which makes a predetermined include 
angle to said polarization from the light which passed the Xtal blank 1 is passed, and it consists 
of an analyzer 22, an objective lens 12, CCD camera 13 that is an image pick-up means, and a 
monochrome image processing system 14. As the above-mentioned source 26 of the 
homogeneous light, brightness is high here and the red LED which is 660nm with a long life is 
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used. In addition, after each forms said polarizer 21, the installation base 2, and an analyzer 22 
free [ rotation ] and they adjust angle of rotation, they are constituted so that it can fix. Both 
the distance of a polarizer 21 and the installation base 2 and the distance of an analyzer 22 and 
the installation base 2 are so good that they are short. Moreover, the condensing lens for making 
the Xtal blank 1 condense if needed may be prepared between the diffusion plate 23 and a 
polarizer 21, or the compensator for making the Xtal blank image come up from a background 
vividly may be inserted between an analyzer 22 and the installation base 2. Furthermore, 
between an analyzer 22 and the Xtal blank 1,1/2 wavelength plate 24 can be inserted at the 
include angle of 22.5 degrees to an optical axis, and 45 degrees of phase contrast of light can be 
shifted now. In addition, 1/2 wavelength plate 24 may be inserted between the installation base 2 
and a polarizer 21. 

[0030] The Xtal blank which mainly becomes a subject of examination with said test equipment 
Besides the Xtal blank 1 of the convex type of both convex type with which the periphery 
became thin like drawing 2 (a), and the center section became thick An abbreviation plate-like 
type is wrapped like drawing 2 (b) (step 101). After carrying out beveling processing and carrying 
out polish processing of the periphery (step 102), there is a Xtal blank 17 of beveling processing 
which carried out etching processing further (step 103), and made the whole surface the smooth 
side except for the periphery. As an abbreviation plate-like Xtal blank by which beveling 
processing was carried out, in the case of-like [ strip-of-paper ], magnitude is usually 1x3mm - 
3x1 0mm, for example, and thickness is 30 micrometers - about 500 micrometers. The 
configuration of the Xtal blank 1 7 has a rectangle and not only a rectangle but the thing of the 
configuration of circular and others with a diameter of about 4-8mm. In addition, the same is 
almost said of a convex type configuration. 

[0031] Said image processing system 14 shown in drawing 1 captures the image of the Xtal blank 
1 picturized with CCD camera 13, for example, performs are recording of processing data, or 
judgment processing of processing workmanship based on the description which extracted and 
extracted the description like binary-ized processing. 

[0032] The illumination light from the light source 26 is diffused with the diffusion plate 23, by 
penetrating a polarizer 21, it is changed into the linearly polarized light and incidence is carried 
out to the Xtal blank 1 on the installation base 2. The linearly polarized light which carried out 
incidence to the Xtal blank 1 is divided into an ordinary ray and an extraordinary ray, and since 
phase lag produces these beams of light on another side to one side, interference breaks out. 
Interference changes with phase contrast and reinforcement (amplitude), and phase contrast 
becomes settled with thickness t of the Xtal blank 1 , and wavelength lambda (refer to drawing 3 
(b)), and reinforcement becomes settled according to the linearly polarized light from a polarizer 
21, the principal plane of the Xtal blank 1, and the angle theta to make. 

[0033] For example, a boundary region serves as an umbra, a central field serves as a bright 
section, and the phase contrast by the difference in thickness is visualized. Therefore, the light 
which carries out outgoing radiation of the analyzer 22 for the light denied the light which suits in 
slight strength mutually turns into an interference light of strength among the white light. This 
interference light penetrates an objective lens 12, and it carries out incidence to CCD camera 
13. The image of the Xtal blank 1 is changed into an electrical signal by CCD camera 13, and is 
transmitted to an image processing system 1 4 by it. In an image processing system 1 4, statistics 
processing is performed so that the umbra produced in the periphery and the bright section 
produced in the center section can distinguish clearly. For example, contrast enhancement 
processing with an umbra and a bright section is carried out by binary-ized processing ( drawing 
3 (a)). By measuring the umbra or bright section after processing, processing workmanship, such 
as past [ shaving ], and lack of shaving or symmetric property, is inspected. 
[0034] In addition, although other observational methods mentioned above, such as a phase 
contrast observational method, a differential interference observational method, and a 
modulation contrast observational method, are considered by the observational method 
applicable to processing finish-turn inspection besides the polariscopy, the light source of having 
adopted the polariscopy with the gestalt of operation is good at LED, and polarizing filters, such 
as a polarizer and an analyzer, are easy to be the things of extent which stick a polarization film 
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on a glass plate, and it is because it is cheap and the easiest. 

[0035] A ** type-izing [ drawing 4 (a) / the image pick-up image of the Xtal blank 1 by the 
polariscopy of drawing 1 ]. The Xtal blank 1 is a convex type as mentioned above. It is an image 
when the homogeneous light is used for the light source 26, a polarizer 21, an analyzer 22, and 
the installation base 2 are rotated mutually and an interference fringe appears in the periphery of 
the Xtal blank 1 most clearly, since, as for the periphery with thin thickness, phase contrast 
deltaphi will be odd times pi and, as for the center section where thickness is thick, phase 
contrast deltaphi will be even times pi in "dark" ** — "**" — **** — ** in addition, the four 
corners of the Xtal blank 1 — "**" — **** — ** is considered to be because for the stress by 
processing, the lens effectiveness, etc. to a birefringence to become large, and is a phenomenon 
different from the interference fringe by the thickness mentioned above. 

[0036] On the other hand, drawing 4 (b) shows the image pick-up image of said Xtal blank 1 by 
the dark field method. A dark field method is an approach by the patent No. 2821460 mentioned 
above, the profile has only come floating here white in this case, and the interior of a profile is 
carrying out gray uniformly, and cannot find out an image which visualizes the difference in 
thickness inside. Thus, since, as for a convex type thing, a blemish exists in homogeneity on a 
front face, an effective dark field method is not suitable for inspection of the processing 
workmanship of the curved surface of the Xtal blank to a blemish. 

[0037] Light from the light source is made polarization with a polarizer, and is given to the 
convex type Xtal blank, and if the light of a polarization condition which makes a predetermined 
include angle to polarization from the light which passed the Xtal blank is taken out from an 
analyzer, a loop-formation-like interference fringe (contour-line pattern) will appear around a 
blank by polarization interference. Although several [ many ] will arise if the dimension of an 
interference fringe of a blank is greatly thick, it will decrease, if the dimension of a blank 
becomes thin small, and one dark interference fringe only arises slightly on a periphery in 4mm of 
long sides, 2mm of shorter sides, and a small rectangle blank with a thickness of about 100-200 
micrometers. In addition, it has moved from the main force of the Xtal blank to the small thing by 
the miniaturization of a mounting device. 

[0038] By the way, the gestalt of operation is premised on the configuration of an interference 
fringe and the thickness of the Xtal blank having correlation, it is possible to inspect the polish 
condition of the convex type Xtal blank according to plane view by being able to visualize the 
phase contrast by the difference in thickness, and inspecting the configuration of an interference 
fringe by the interference fringe, by this, — becoming — a polish condition — getting to know — 
an improvement of a cylindrical barrel processing system sake — it can feed back . 
[0039] Then, in order to verify the above-mentioned premise, the relation between an 
interference fringe and thickness is considered below. This consideration was first asked for the 
theoretical value, and how to support that theoretical value by experiment next is taken to it. 
However, originally, although the sample used in this experiment just used the small Xtal blank in 
alignment with the actual condition, it is not the small Xtal blank in fact, and was taken as the 
Xtal blank large-sized convex type. This is from the reason the more large-sized one tends to 
survey the configuration (thickness) by the pen recorder as compared with the ** small thing out 
of which two or more interference fringes with the clearer ** large mold come. Drawing 5 and 
drawing 6 are the large-sized samples (400 micrometers - 450 micrometers in 8.25mm - 7.0mm 
of long sides, 1.5mm - 2.0mm of shorter sides, thickness) mentioned above, and show the image 
which 2 and three **** have produced, respectively. Drawing 7 shows the image which one **** 
has produced with the small sample (100 micrometers - 200 micrometers in 5.0mm - 4.0mm of 
long sides, 1.5mm - 2.5mm of shorter sides, thickness) mentioned above, respectively. 
[1] A theoretical value, now Xtal are the devices of form birefringence, and the plane of 
polarization is divided into the ordinary ray and extraordinary ray which lie at right angles 
mutually, and spreads the light which carried out incidence to this. 

[0040] The Xtal blank has a function as a phase plate, and gives predetermined phase contrast 
according to the difference of the phase velocity of an ordinary ray and an extraordinary ray. As 
for 1/2 wavelength plate, a quarter-wave length plate has the operation to which it rotates [ the 
circular polarization of light or the circular polarization of light ] (2theta) for the linearly polarized 



http:/ / www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_eije 



2005/05/20 



JP,2000-221008,A [DETAILED DESCRIPTION] 



7/12 s<— v 



light to the angle theta of the incidence plane of polarization and optical axis of a wavelength 
plate to make to the linearly polarized light in the linearly polarized light. 
[0041] It is [ wavelength / of the light source ] ne about the refractive index of nO and an 
extraordinary ray in the refractive index of lambda and an ordinary ray. If it carries out, they are 
thickness t of the Xtal blank, and the relation with phase contrast P. P=(ne-n0) t and 2 
pi/lambda (1) It becomes. 

[0042] formula (1) from — if the difference of the refractive index of phase contrast, an ordinary 
ray, and an extraordinary ray and the wavelength of the light source are known, it turns out that 
it can ask for the thickness of the Xtal blank. The following data asked for the refractive index of 
a Y-axis cut of Xtal from specific wavelength. 
[0043] 

lambda (angstrom) Refractive index nO of an ordinary ray Refractive index ne of an extraordinary 
ray 5080 1.54822 1.55746 5893 1.54424 1.55335 7680 1.53903 The red LED of 660nm is used for 
the light source at inspection of the Xtal blank of 1 .54794 operation gestalten. It will be set to 
ne-n0 =0.009 if take wavelength along an axis of abscissa, a refractive index is taken along an 
axis of ordinate, and the above-mentioned data are plotted, as shown in drawing 8 , and it asks 
for the difference of the refractive index of the ordinary ray in lambda= 660nm, and an 
extraordinary ray. Since not a Y-axis cut but an AT cut with the good frequency temperature 
characteristic is used, the Xtal device needs to ask for the difference of the piece of AT cut 
(about 35 degrees) Xtal from the difference of the refractive index of the ordinary ray about the 
above-mentioned Y-axis, and an extraordinary ray. 

[0044] It can ask for the refractive index of the ordinary ray of an AT cut quartz plate, and an 
extraordinary ray from drawing 9 which drew refractive-index distribution of an ordinary ray and 
an extraordinary ray on the Y-Z axial plane. Each point ne at which the circle 51 on which 
refractive-index distribution of an ordinary ray is drawn focusing on the X-axis perpendicular to 
space, and the ellipse 52 on which refractive-index distribution of an extraordinary ray is drawn 
cross a Y-axis, and nO It is the extraordinary-ray refractive index of a Y-axis, and an ordinary 
index, respectively, and the die length between both points serves as difference (ne-n0) of the 
extraordinary-ray refractive index of a Y-axis and ordinary index which were mentioned above. 
[0045] Moreover, an AT cut front face comes to the angular position which shifted from the Z- 
axis to about 35-degree counterclockwise rotation. In the polariscopy of the Xtal blank, light will 
pass in the direction which intersects perpendicularly with this field, each point ne 1 at which the 
straight line 53 described as the direction of the light passing through a zero (X-axis) crosses 
said circle 51 and said ellipse 52, and nO — ' It is the extraordinary-ray refractive index of an AT , 
cut quartz plate, and an ordinary index, respectively, and the die length between both points 
serves as difference (ne'-nO') of the extraordinary-ray refractive index of an AT cut quartz plate 
(AT cut), arid an ordinary index. First, it asks for the intersection of an ellipse and a straight line, 
and then asks for the intersection of a perfect circle and a straight line. 
[0046] Formula of an ellipse y2/a2+z2/b2 =1 It is (2). here — a=ne and b=n0 it is . 
[0047] formula of the straight line of light z=cy (3) it is . It is c=tan35" here. 
[0048] Ellipse type (2) Straight-line type (3) If it asks for an intersection y=**ne and n0/(n0 
2+ne 2 and tan2 35") (4) z=**ne, nO, and tan35"/(n0 2+ne 2 and tan2 35") (5) is obtained. 
[0049] It is an ellipse type (2) similarly. It sets and is a=b=n0. If it asks for the intersection of the 
substituted perfect circle type and a straight-line type (3) y=**n0/(1+tan2 35")1/2 (6) z=**n0 
and tan35" / (1+tan2 35") 1/2 (7) It is obtained. 

[0050] Formula (4) - (7) Difference of both the refractive indexes in the direction which 
intersects perpendicularly with an AT cut (ne'-nO') = 0.006 (8) It is obtained. 
[0051] formula (1) Difference equation (8) of both refractive indexes and — if phase contrast 
P=2pi between interference fringes and the light source wavelength of lambda= 660nm are 
substituted t= 660nm / 0.006= 1 10 micrometers (9) It is obtained. Since a sample is both the 
convex type convex type (Bayh Combec SUTAIPU), if it calculates thickness of one of the two 
t= 110 / 2= 55 micrometers (10) It is obtained. Therefore, the variation of the phase contrast of 
2pi, i.e., the thickness between interference fringes, is 55 micrometers. 

[2] As shown in experimental value drawing 10 , the brightness (brightness thru/or quantity of 
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light) of the striped pattern of the sample image 61 of a rectangle Xtal blank reflected in a 
display was measured. The measured striped pattern was taken as the umbra 62 (point that 
brightness fell most) of one inside, from the umbra 63 (point that brightness fell most) of the 
maximum outside, and the maximum outside. Distance L2 from the umbra 62 of the 1 or distance 
Lone inside from the center of a sample to the umbra 62 of one inside to the umbra 63 of the 
maximum outside It carries out and is the distance to an edge further LO It carried out. LO x2 
become the long side of a sample. Moreover, adhesion immobilization of the same sample is 
carried out at the base, and it is L1. L2 Height (thickness) H of a between was measured with 
the pen recorder. In addition, the above-mentioned umbra was taken as the part where the 
luminance distribution which meets the center line of a longitudinal direction fell most. A 
measurement sample is the following three. 

[0052] (1) Sample AL1 =2.85mmL2 =0.95mmL=8.25mmH=55micrometer(2) Sample BL1 =2.8mmL2 
=1.05mmL=8.25mmH=55micrometeK3) Sample CL1 =3.15mmL2 

=0.7mmL=8.00mmH=55micrometer[0053] (1) mentioned above - (3) As for the sample, each 
height H between umbrae showed the same 55 micrometers as a theoretical value. Since 
adhesives were used for sample immobilization at the base here, by dispersion in the coating 
thickness of adhesives, also when levelness of a sample was not able to be secured, it was, but 
since the relative height between umbrae was found, the levelness of a sample does not become 
an error. Moreover, in order to examine what error is included in 55 micrometers mentioned 
above, the surface roughness on the front face of a sample was measured. Since the one half of 
a peak TSUU peak was about 1 micrometer as shown in drawing 1 1 , when seeing about 10%, it 
also turned out that the precision of thickness is satisfactory. Therefore, it was confirmed that a 
striped pattern has the thickness of a sample and correlation. 

[0054] Although the long side applied to the large-sized sample of the base of 8mm, and the 
base of 400 micrometers in thickness, since the [inference] above-mentioned theoretical value 
and the experimental value did not prepare especially an exception, they should be able to apply 
this result also to the small sample. As the small sample of 4mm base of long sides, 1mm base of 
shorter sides, and the base of 100 micrometers - 200 micrometers in thickness is shown in 
drawing 7 , a striped pattern (umbra) produces only one. Therefore, thickness measurement 
based on the above-mentioned result cannot be performed. However, since it turned out that 
the thickness of a sample and the brightness which appears in a sample image have correlation If 
it is the case where brightness change has arisen even if the clear striped pattern has not arisen 
when a striped pattern produces only one in the polariscopy or By setting up the optimal 
threshold and drawing a brightness line (equivalent to the contour line of mountains geographical 
feature), such as having connected the point that the brightness of an interference fringe was 
equal, the ******** top can show the same thickness, drawing 12 is such — etc. — it is a 
sample Fig. describing a brightness line. These samples are 10MHz in about 153 micrometers in 
thickness, and blank frequency. 
[0055] (a) Sample ( drawing 12 (a)) 

The shape of brightness linearity, such as long-side =04.324mm shorter-side =01. 807mm,: A 
beautiful ellipse (b) sample ( drawing 12 (b)) 

The shape of brightness linearity, such as long-side =04.328mm shorter-side =01. 807mm,: The 
ellipse (c) sample distorted a little ( drawing 12 (c)) 

The shape of brightness linearity, such as long-side =04.332mm shorter-side =01. 806mm,: The 
ellipse distorted greatly [0056] (a) mentioned above When the strip-of-paper-like convex 
vibrator of - (c) was assembled and the oscillation trial was carried out, frequency 
characteristics were good, and were stabilized, high Q value was obtained, and (a) and (b) of the 
temperature characteristic were good, and an excellent article. On the other hand, frequency 
characteristics of (c) were unstable, it was bad, and its temperature characteristic was bad poor. 
This result showed that thickness measurement ****** had the polariscopy effective in 
configuration measurement also to the small sample. 

[0057] By the way, although the quality of convex processing was judged from the configuration 
of a brightness line, such as having seen the Xtal blank image from the top, with the gestalt of 
operation mentioned above, there is also a request that he wants to judge the quality of convex 
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processing from the thickness in the same cross section of the Xtal blank. Rather, since the 
correlation of frequency characteristics with a cross-section configuration is strong, its request 
here is large. 

[0058] Then, the relation between the polariscopy and the cross-section configuration of the 
Xtal blank is considered below. As for the ******** top, the same thickness is shown when a 
brightness line, such as having set up the optimal threshold and having connected the point that 
brightness was equal, will be drawn, if it is the case where brightness change has arisen in the 
polariscopy as mentioned above. If this is advanced further, it continues crosswise [ of the Xtal 
blank / the die-length direction or crosswise ] and the brightness value is plotted, the brightness 
change will show the change of the thickness in the same cross section itself. This brightness 
change is shown as a brightness distribution map which met drawing 5 (b) - drawing 7 (b) at the 
center line, this luminance distribution — the sin function (or cos function) of the principle of 
MARYU to the phase contrast P — it can express — phase contrast P — formula (1) from — 
since it turns out that it is proportional to thickness t, a striped pattern can express two or more 
luminance distribution of a certain drawing 5 (b) - drawing 6 (b) with a sin function. The 
luminance distribution of drawing 7 (b) which is the small and thin example of a sample which a 
striped pattern produces only one similarly or the clear striped pattern has not produced can 
also be expressed with a sin function. 

[0059] The thickness in the same cross section of the Xtal blank can be inspected from this 
luminance distribution. This is explained. The relation between the cross section of the Xtal blank 
and the phase of a luminance distribution wave is shown in drawing 1313 and drawing 14 . Here, 
since it is simplified, the magnitude of attenuation of transparency has ignored. Drawing 13 
shows the case of beveling processing ground at the fixed include angle, and a wave-like phase 
becomes at equal intervals. When thickness is fixed, brightness is changeless and becomes a flat. 
On the other hand, drawing 14 shows the case where it is convex processing to which the 
amount of polishes becomes small as it approaches a core, and it is changing so that the phase 
of a brightness wave may become little by little large, as it approaches a core. The relation 
between this phase and brightness is a formula (1). It is as having mentioned above that there is 
correlation. 

[0060] Since the thickness between the crests (sunspot) of a distribution wave will be set to 55 
micrometers if the luminance distribution of a term is observable two or more rounds as the 
continuous line of drawing 1 4 shows, this is plotted so that 55 micrometers may become thick at 
a time toward a core, and if how to extrapolate a plotting point is used, the cross section 
configuration of the Xtal blank can be drawn easily. If between the troughs (flake) of a 
distribution wave is plotted at this time, since between sunspots can be complemented, the 
precision of extrapolation goes up and a right cross-section configuration is acquired more. 
[0061] Thus, if a luminance distribution wave can observe a term two or more rounds, the cross- 
section configuration can be drawn easily, but when a luminance distribution wave cannot 
observe one period, either, as a dotted line shows since the Xtal blank is thin, the above- 
mentioned technique cannot be used. Then, the new technique by which a cross-section 
configuration is acquired even from the luminance distribution wave shown by the dotted line 
was developed. Hereafter, it explains. 

[0062] The qualitative amount distribution map of polishes of three kinds from which convex 
processing workmanship differs in drawing 1 5 of small and thin Xtal blanks (100 micrometers - 
200 micrometers in 5.0mm - 4.0mm of long sides, 1.5mm - 2.5mm of shorter sides, thickness) is 
shown. The die length of the Xtal blank is taken along an axis of abscissa, and the amount of 
polishes is taken along the axis of ordinate. The upper half of a left-hand side [ core / of the 
Xtal blank of both the convex type convex type with which the center section became thick ] 
part is shown. In this drawing, a correlation sample and US delete SS, and an insufficient sample 
and OS are deleted too much and are a sample. It is poor, if it shifts to the insufficient sample 
US side greatly, or the amount of polishes shifts from correlation sample SS, it deletes, deletes 
too much and it shifts to Sample OS side greatly. An excellent article serves as tolerance of the 
near including correlation sample SS. 

[0063] The brightness distribution map corresponding to the amount distribution of polishes of 
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three kinds of such Xtal blanks obtained by the polariscopy is shown in drawin g 16 . Since the 
Xtal blank has a small correlation sample and it is thin r as for luminance distribution, the amount 
of one wave is not, either. If it adjusts so that the maximum peak of brightness may come to a 
core at the time of observation, correlation sample SS will be cut before going up after falling 
with the sin function toward the left end from the core and passing through the minimum peak, 
and resulting in the maximum peak again. It is because the Xtal blank does not exist. At this 
cutting point, since other samples are emphasized that it mentioned it above rather than the 
difference in a phase although the value became large by continuation or discontinuity with the 
sin function similarly by the lens effectiveness is thought. The shaving insufficient sample US has 
a long period compared with correlation sample SS, and brightness falls from the core slowly 
toward the left end. It deletes too much, and, as for Sample OS, a period progresses compared 
with correlation sample SS on the contrary, and the maximum peak in a core becomes small. 
[0064] Thus, if the shaving insufficient sample US or a gap of the detection luminance 
distribution of an inspected Xtal blank [ as opposed to / since it deletes too much and a 
luminance distribution difference with Sample OS appears clearly / the luminance distribution of 
correlation sample SS ] is got to know, the quality of the cross-section configuration of convex 
processing can be judged to be correlation sample SS. 

[0065] The procedure of next inspecting the detection luminance distribution gap to the 
luminance distribution of correlation sample SS is explained. 

[0066] The actuation which is common in the processing finish-turn inspection from the 
configuration of a brightness line, such as having mentioned above here, is as follows. In drawing 
1 , it gives the Xtal blank 1 which makes light from the light source 26 polarization with a 
polarizer, and consists of a birefringence medium which carried out convex processing, and the 
light of a polarization condition which makes a predetermined include angle to polarization from 
the light which passed the Xtal blank 1 is passed. In order to be able to visualize the phase 
contrast by the difference in thickness by the contrast of light and darkness by polarization 
interference, to take the passed contrast image of the Xtal blank 1 of the light of a polarization 
condition as a video image, to transmit to an image processing system 14, to carry out contrast 
enhancement processing of this, and to obtain the data for processing finish-turn inspection 
further, statistics processing of the binary-ized data is carried out [ as this shows drawing 3 , ]. 
[0067] In addition, it faces [ inspecting processing workmanship and ] and angle of rotation of the 
quantity of light of the light source 26, a polarizer 21, an analyzer 22, and the installation base 2 
is adjusted mutually beforehand, and these quantity of lights and an include angle are adjusted so 
that the interference fringe which appears on an image may become the the best for processing 
finish-turn inspection. 

[0068] In drawing 17 , in order to perform the calibration of test equipment first, the correlation 
sample of the Xtal blank is laid in the installation base 2 (step 201). A correlation sample is what 
was measured by the micrometer, and uses a thing with the thickness which oscillates a desired 
frequency here. An analyzer 22 or a polarizer 21 is rotated centering on an optical axis, and the 
brightness peak value of the core at that time is acquired so that the core in the same cross 
section of a correlation sample may become the maximum brightness (step 202 - step 204). If it 
acquires, 1/2 wavelength plate 24 will be inserted at the include angle of 22.5 degrees to an 
optical axis, 45 degrees of phase contrast of light will be shifted, and the brightness value of the 
core at that time is acquired (step 206). After [ acquisition ] 1 / 2 wavelength plate 24 is 
sampled (step 207). 

[0069] In the brightness distribution map of the correlation sample of drawing 16 , the brightness 
peak value of a core is equivalent to an A point. Moreover, although the brightness of a core falls 
by having shifted 45 degrees, the point is equivalent to the B point when 45 degrees of phases 
shifted exactly, if it says in the luminance distribution Fig. of a correlation sample. Even if it was 
the case where luminance distribution does not have sin by one wave, it could be 45 degrees for 
enabling it to inspect. The sin wave which passes along two points, the maximum of the 
brightness of a core and the value of 45 degrees of said phase contrast, is searched for (step 
208), and this is displayed on a display (step 209). This is exactly asking for the sin function of 
the correlation sample of drawin g 16 . It is considered that this sin wave is a criteria luminance 
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distribution wave in the same cross section of the correlation sample which visualizes phase 
contrast and is obtained. Thus, not the raw data obtained from actual luminance distribution but 
the criteria luminance distribution wave which dares serve as an ideal is searched for in a 
formula, because it is exact, correction can be done easily and versatility can moreover be given 
[ rather than ] to a reference value using the correlation sample variation is expected to be. In 
addition, it is good also considering a criteria luminance distribution wave as raw data. 
[0070] Next, in order to inspect an inspected Xtal blank, an inspected Xtal blank is laid in the 
installation base 2 (step 210). Inspected Xtal blank luminance distribution is searched for along 
with a center line, and the inspected Xtal blank luminance distribution wave acquired as a result 
is displayed (step 21 1). The detection luminance distribution wave and criteria luminance 
distribution wave which were displayed are compared, the thickness in the same cross section of 
the Xtal blank is inspected relatively, and a quality is judged (step 212). When the gap of a 
detection luminance distribution wave to a criteria luminance distribution wave exceeds an 
allowed value as these contents of inspection, it considers as a defect, and if it is in an allowed 
value, it will consider as an excellent article. Or if convex processing data are collected, it is also 
possible to acquire a normal-distribution property in quest of the above-mentioned amount of 
gaps. Thereby, the configuration of the thickness in the same relative cross section of an 
inspected Xtal blank can be known. In addition, since the luminance distribution wave itself is 
compared, the whole luminance distribution wave configuration, the brightness of an axis of 
ordinate, and the phase of an axis of abscissa can be known. 

[0071] The Xtal blank image is regarded as having mentioned above not from a top but from a 
cross section, and since it can judge which is deleted, the quality of convex processing can be 
inspected correctly. Moreover, since it asks for the sin function which serves as criteria 
luminance distribution from the brightness value with 45-degree phase contrast of two points, 
even if one wave is the small and thin Xtal blank in which the luminance distribution of the half- 
wave length does not appear, of course, either, the inspection of a suitable cross-section 
configuration of it is attained. Especially if this is in the quartz resonator with which 
miniaturization thin form-ization is progressing further, it is meaningful. 

[0072] Moreover, the total inspection of the convex processing workmanship condition can be 
carried out using an image processing, and it can grasp on real time in an instant, and since data 
also carry out statistics processing in large quantities and are obtained, quality control of the 
Xtal blank is attained. By employing the convex type processing workmanship data at the time of 
polarization observation efficiently especially, if it standardizes and convex processing spreads, it 
is reliable GO/NO GO. Sorting becomes possible. Moreover, since a statistical method can be 
used and the optimal threshold can be determined even if variation arises in blemish detection, 
convex processing, beveling processing, or the acid treatment performed after that, by being able 
to take an allowed value flexibly and setting such an allowed value as a time limits/maintenance 
check, an excellent article is not used as a defective or a defective is not used as an excellent 
article. 

[0073] In addition, a color is sufficient although the image was made into monochrome with the 
gestalt of operation. Moreover, although the homogeneous light of specific wavelength was used 
for the light source for polarization observation, it is also possible to use the source of the white 
light theoretically. Moreover, although the red LED of 660nm was used for the light source for 
polarization observation, it is not limited to this. Since more interference fringes appear, it is 
desirable to use the light of wavelength shorter than this, when improving the accuracy of 
measurement. 

[0074] Moreover, although premised on an interference fringe arising with the gestalt of 
operation, since there is correlation with brightness (quantity of light, brightness) and thickness, 
the processing workmanship of the cross-section configuration of the convex type Xtal blank 
can be inspected by displaying luminance distribution and comparing with normal distribution that 
luminance distribution should just arise. 

[0075] If the wavelength of the light source is short like laser, or if it carries out multiplying of 
the wavelength and short wavelength is obtained, since many interference fringes can be 
produced, a cross-section configuration can be inspected easily. However, since a laser light 
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source and a multiplier are expensive, for inspecting the cheap Xtal blank, it is not practical. 
Since the thing of this invention only produces light and darkness using cheap LED at the point 
and a cross-section configuration can be measured, it is very practical. 
[0076] 

[Effect of the Invention] According to this invention approach, it becomes possible to conduct 
convex type cross-section configuration inspection by the polariscopy, and can consider as the 
management index of convex processing of the inspection data obtained by the polariscopy. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the outline block diagram of the test equipment for enforcing the convex 
inspection approach of the transparence substrate by the operation gestalt. 
[Drawing 2] It is the explanatory view of the optimal case for the inspection approach of an 
operation gestalt, and (a) is the sectional view of the convex type Xtal blank, and (b) is BERINGU 
process drawing. 

[ Drawing 3] It is an explanatory view by polarization observation, and is the sectional view where 

(a) explains a binary-ized image and (b) explains the thickness of the Xtal blank. 

[Drawing 4] The image before binary-izing of the convex type Xtal blank is shown, and the image 

of the Xtal blank with which (a) was observed by the polariscopy of an operation gestalt, and (b) 

are the images of this blank observed by the dark field observational method. 

[Drawing 5] It is the explanatory view showing the striped pattern of a large-sized sample, and 

the image of brightness, and is the luminance distribution Fig. where (a) met the top view and (b) 

met the center line. 

[Drawing 6] It is the explanatory view showing the striped pattern of a large-sized sample, and 
the image of brightness, and is the luminance distribution Fig. where (a) met the top view and (b) 
met the center line. 

[Drawing 7] It is the explanatory view showing the striped pattern of a small sample, and the 
image of brightness, and is the luminance distribution Fig. where (a) met the top view and (b) met 
the center line. 

[Drawing 8] It is the plot which asked for the refractive index of the Y-axis of the Xtal blank 
from specific wavelength. 

[Drawin g 9] It is the refractive-index distribution map of an ordinary ray and an extraordinary ray 
in the Y-Z axial plane of an AT cut quartz plate. 

[Drawing 10] It is the explanatory view showing the generating location of the striped pattern of 
the sample image of a rectangle Xtal blank reflected in a display, and (a) is a top view and (b) is 
an important section expanded sectional view. 

[Drawing 1 1] It is the explanatory view showing the surface roughness on the front face of a 
sample. 

[Drawing 12] It is the top view showing the image of three small samples describing ********. 
[ Drawing 13] When beveling processing of the Xtal blank is carried out, it is the property Fig. 
showing a phase and a luminance distribution wave. 

[Drawing 14] It is the property Fig. showing the phase when carrying out convex processing of 
the Xtal blank, and a luminance distribution wave. 

[Drawing 1 5] It is the polish property Fig. of the sample by the operation gestalt. 
[Drawing 16] It is a brightness distribution map corresponding to the sample of drawing 13 . 
[Drawing 1 7] It is the checking flow chart of the inspected Xtal blank cross-section configuration 
by the operation gestalt. 

[ Drawin g 18] It is the explanatory view of the cylindrical barrel processing system which 
performs convex (beveling) processing. 

[Drawing 1 9] It is the property Fig. which plotted the height data obtained by the conventional 
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level measuring method in the die-length direction of the Xtal blank. 
[Description of Notations] 

1 Xtal Blank (Transparence Substrate) 

2 Installation Base 

12 Objective Lens 

13 CCD Camera 

14 Image Processing System 21 Polarizer 

22 Analyzer 

23 Diffusion Plate 

24 1/2 Wavelength Plate 
26 Light Source 
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precisely. 
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r. (2 0) ©0«*?f5ffffl3&J*&. 
[0 04 1] #2S©$:g£ A . S£*©IB*r*£ n . . 



CD 

* ? h©®JT**#S«SCC*fOT*»fc©*5Tfe7 r -f 
[0043] 



1. 55 746 
1. 55 33 5 
1. 54794 

30 HBfcWHJr*?**). M*ra©ss*i. mmLtcY 
momnxmmmm t ntttrnmrnm t <om^ < n . - n 
„ ) <t&£„ 

[0 04 5] ZW^6*J3 5' SNFtt^«:m 

fcftMigteATrt? h^B*5*S. ?©{■ 

itcfc-S. JM.£ (XfA) *aS^©*IaJiiBUfcS»5 
3*ifuieP]5 1 <hBirlB«R5 2 i^b6S*n, n 
. ' ^WhAT*s h*ME©Att%ttJB*r*. « 
3&^®»f 3s-e& o . w.#.ra©fi 3 as. AT*2.h *JUK 

(ATI) ©S«36«H«f^i«3teRJlJf*i©ll» 
(n. • -n. ' ) itt*. *•**. «Riit«4©3Sj*E 

[004 6] tf R©3^«. 

(2) 

* [0047] *©i£«©5ett. 
(3) 

♦ <t. 



40 



tan' 
! +n. 



35' ) 



tan 1 35' ) 



C4) 
C5) 



(7) 



11 



*„ ^RAL/cSRSi, 



[0 049 ] B«K OTfBPeC(2) tCto^X a = b = n * 

y = ±n 0 / (1 + t an 2 35° ) 1/2 

z =±n, • t a n35° / ( 1 + t an 2 35° ) 1/2 

[0 05 0]S(4) -(7) AT«CCiS33fr**l^^ 
<n. 1 -n 0 1 ) =0. 0 0 6 

[005 1 ] SCO PWBJr*<D*4W;c» SO'T** 

t = 6 60nm/0. 0 0 6 = 1 1 0 urn 

-fa^srfylir-f ^) X S. 

t = 1 1 0/2 = 5 5 Mm 

*T*«IKE«3H:5 5unrC*£. 
[ 2 ] UliS® 

Hi OKSVTcfcSK:. ^-f x^u-ffc|fto/cJ©&*a^ 

SP6 2 <»I»D*fc«i^&S) <tO/c e 
SS6 2^6S^HW©BtSP6 3*'C©!ESIL a il, 

T v U <tL 2 H©*S (/Pi*) H*^>U3-^I 

[0052] (I) 1f>y;l/A 30 
Lj = 2 . 8 5 mm 
L 2 = 0 . 9 5 mm 
L = 8 . 2 5mm 
H = 5 5 u m 
C2) V>y'jiB 
Li = 2 . 8 mm 
L, = 1 . 0 5 mm 
L= 8. 2 5mm 
H= 5 5 urn 

(3) 1f>^C 40 
Li = 3 . 15 mm 
L, = 0. 7mm 
L= 8. 0 0mm 
H = 5 5 u m 

[005 3] iifiLfcCO -(3) *§ma 
**/cOr, ?>^!'<D*¥0n*I»<Ctttt6&l>. $ so 
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(6) 
(7) 



(8) 

ftSKttft A = 6 6 0 nm^A 



(9) 



(10) 



Ltc. m 1 1 teSTi^Cc. hT—^ t-^©* 
»*JfiUmt*SC4*6, JlSOffigttI 0%lg 

[0 054] [m&] JJBWftfe<fc&XIfctttt. 522 
^8mm^ IPS 4 0 0 um^©;^©1f >:/JUfcySfl§ 

/J>ffl©tf>^l'«:fcjBfflr#S«-rr*'S. &24mm 
□ . 5S21 mm^, Jl£ 1 0 0 0 0 um&<D/b 

3»h £S?K <fc ttffiHtf* 4 C <!: o fc(D/cJ&> 6 , ffi 

^nar*4. cne>cD-^>^M*fli3jiai 53 um, 

[0 055] (a)t>^KB12(a)) 
©2= 0 4.3 2 4mm 
Sj2= 0 1.8 0 7 mm 

(b) (012 (b) ) 
S2= 0 4. 3 2 8mm 
£si22= 0 1. 8 0 7 mm 

(c) lf>^l/ (012 ( c) ) 
S22= 0 4. 3 3 2mm 
JS2= 0 1.8 06mm 
3$?S3g0tK : < S&%flR 

[0 05 6] lit/c (a) - (c) ©S»«3>^^ 
W»T*«*S[-cr*flBB«<: L/ci C ( a ) 
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t (b) tzm&mm&&tti-e&mb. M^om^mh 
(c) «ji^!Rf14^^tm<, u&®mm<* 

[0 05 8] zcx?X(,cm3tMm&tykgk7v^?<Dm 

musx^uv bux^mx, ^(omm^mm— mm 
x<om^<omt^<oi><o^9rs^ct^ts:ho c<onm^. 

mt, 05 (b) -07 (b) ^Cs«^?So/c»S 

aiiJ^6{4tBMPOs i nWifc (ft^Lc o sMS) T 

t>frZ>fr*> s HKfll«S2*£Ui*&H5 (b> -06 
(b) ©KgKMfrtts i nHft'TgbfCi^ta. 

( b ) OM0E5NFfc s i n «-CifetS e 

[0 05 9] C CWaM^6*fl^7 > ^©HHKI 

CD«ga»tt«RaUTl*5. HI 3«— JEcoflfi-CWBS 
Ktt*. JEcWt^ Mttt£{t#tt<:7^* h 

[0 06 01 014 ©jOTCS*"*- «fc 5 fc. tlttHffl^V 

Mo 
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[0062] 01 5tc3>^9**aixft±9©s&* 

3®SO, /J>S"Clil»*fi:7^>* 0 mm — 

10 4. 0mm, JS2Z1. 5mm— 2. 5mm, f^lOO 
/im-2 0 0 urn) ©«ttfl9ttWS«iM&H*^-r. ft 

|Hj0Cc^^rss«S«it>^;u, usttSUO^JS 
;bSS^6 BFM^rtir IN 0 > u s Mc* 

[OO6 3]016&C. C(DJ:5tc3«8IO*fl^> 

;vss« 4 **a»*6aE«Kcift*or s i nW8ccl&iL 
&Xl,^&'l^-Z*Mtcm:mLXnu : &tt-?lC 

CO«JBf^tt|fi©^>^I/fe|§|«{C, s inB9 

30 »<bi3^**c»tt^ai*rfi3W**<ft***, -eft** 

SttJ^CcTO*>^SS«:Jt^rjBJH36«JII*, 
[0 0 64] c©J:5K:«»if>^SSi % BflO^S 

[0 0 6 5] ■Q^rtc^niif >^;i/s scDttS^ccM-r 

[0 0 66] C crHuaLfe*«fiQ»<Z)JKtt^6©JDX 
tt±9teS£#aT4»f¥tt. »©i*0tft4 B 0 1 

so ttimoMttcrtt^oxtustti, cn 
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tc<fctJH3tc^TJ:^tc, mt=tmt J: 9 JI i* ©ill > K 
/dB#t^©#©*J|:/^ >*l©n>h^*h&3:fcr 

[0 06 7] fc*5, faX{±±9©t^£T&KP£LT v 

[ 0 0 6 8 ] h 1 iKis^x. srtfcXilg©* * :/ 

U-5/a>*ff 5/c#>fc, >*©«*?■> ^ 

£i£g£2fc:iggir& Uf^20 1). CCtSi 

ID— Wffir©i£ii>»#^©ttftK:ft 5 «c. r 5 
-flf 2 2*fctt#^*-f1f 2 1 *^*4m>{CIe1IEI/ 

7*2 0 2^X7^^ 7 2 0 4) „ m$Ltc*>%MlCttl> 
tl/2$g«24^:22. 5° ©ft if ALT;*;© 

fitta**4 5* -rhv. *©£#©*/&«©«BMi*ffi 

f#lT<S (Xf77*2 06) . R»ai/2jftfi«2 4* 

(Xr^7'2 0 7) B 
[0 06 9] 016 ©«m-9->^KD»tt»ffiH«:*5l* 

> ^©HflKMSH T # A % ct 5 <ff<i*B 
#4 5' riafcBjSfcftS-r*. 4 5 B il/c©(i, M 30 
flBWIi#s i n©l^^ii^^tfc, ftSt 

IBtirfiM4 5 s ©ffi©2.££il£s i n (X 
r-;7'208) . CMf^^l/^ISn 
?7'209) a cnttHl 6©««1f>^I/©s i nBB 
»4jJ&64C<fcCCffifce>ttC». CCDs i n«»*, <£ffl 

4«»*>^*fl6fflr*J:0«>. iE»t«jE*«S«k: 
Hi*. U*fe»Wik:iPlffltt*l*fc*SCi36«"C**/c 

[0 07 0] o^k, »I* H s B ^7>^^t^/c 

7'2i0) o «K£4cA:/9> ^«K»W**i*«:iS 
ot», f <Dte^/clftS* B B B ^7 > ^ Sfg^S 
»*«R-T4 (Xf"9 72 11). »*S*ifctfcfcH»K 
a^iWMfl^BWttJMl/t, 7kH^> so 
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a (Xf -;7"2 12). C©*«El*9§<!:l,Ttt. 

-corns <Dm&tvz>c±&-c%z>. a*. Kftaffitt 
»a#*it«-r4©-c. ««:»*ia»©±(*jBtt, tarn 

[0071] ±a5Lfcj:^ «:*a^>^ia«*±^6 

■c* , ^ >•< ^ jtox©M^£iBifc:t&ffir £ 

& 0 £/c4 5 e ©tt««tt>o 2 

KMiftis i n ■»*#«>* ©t\ l&fitefc?35 

c©c 4 tt/^W^bW— JB«^ i*S*«i«Hf«: 

[0 07 3 ] ft*. HJS©0»T»IB««r^: ^^OiO 
CifclWt?**. */c, 6 6 0 n m 

[0074]$fc UttO^Sr tt^mR«£ D^Ci 

y ^ X t5? -f 7'©* H H a ^7> ?<DmmBVt<Dti\JH±± K> Z 

[0075] \s~i?o£5&ftmo&&&mvti\z. *> 
sw*»fi*aeL-c««fi*»ti«, *«©=?»»* 
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r*£&l?B©«>©W3Hffi&L ED 405-5 ~CmB§%£.C2H 
•2.. 

[0076] 

[h»j©#mi] *aw*tttc j:war=i >-< ? *x * a •* 
(DKiwmvitf&zmftwmm'c'if *> c <t a« utBi & 9 . 

[a i ] soe^MncAsawasoa^i. tzmti; io 

£>0. (a) «a>^y ^x^-Y ycD^^^^^XDir 
[03] fibE»StcJ:&IIUI!Br?*'9. (a) «2fHt 

n». (b) u*&77is?<Dmz*m*-ir*>&;wm-c 

[04] 3>^s»*X*^:7©;!KII:/-5>*©2fftftfJ 
©SHfc*** U ( a ) liHi©K.«©ffl3feilSS«C J: Q ■ 

*stifc*a^>*<Da«. (b) «Bt?iifts^fficc 20 
«fc oiigisnfcp^^oMrc&s. 

[05] ^3J-9->5 p A©«BSl»i«tt©IB«l*^ , nttlJI 
0-C*«3. (a)li^E0. (b) t*tMrtBHC»-3fc» 
O»?E0T*S. 

[06] ^^>^©«5^l<b»e©®«*^-rift9i 
0-C , *O < (a)tt¥ffi0. (b> 

e^0-c*s. 

[07] ^S^>^;v©«s^8ii»S©M«E%^-rsiBa 
0-C*O. (a) ti¥M0> ( b ) »>f^l(ltC»-a*:» 
K^^Har**. 30 

[08] *S^7>^©YI*©)lJf*?:#S«SK:^L 

[09] AT*» h**«©Y-ZttTil«:*Jl*S*** 



(10) 2 0 0 0 - 2 2 1 0 0 8 
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[110] X7'U^tCi*-^ft:Sg^*S^'-7>5'©-!>- 

( a ) tiVBH. ( b ) «SSi5ffi;^BiM0-C*S (> 
[011] *>^*Bff©affi3SS*5%fK9iHr* 
£. 

[012] tSWfiSS!4JS0>/c3o©/J^-^>^;V©iiilfe 

[013] *a^>^*-cty>yiiiixufc4*ffi« 
[014] *a^>^*3>'<f i'xsnxLfci*© 

[015] *5fe0SIK:iSlt>7-jU©iT^!KFf40-C* 
4. 

[0 1 6 ] 01 3©1f>:7-)U{c*tl£T£«£$M&0-ca 
4. 

[017] ^#«K«fc*W*k**»:^>*KI^ 
©fc^B©? a -3=- +• - h -e$> £„ 
[018] (t-cyi/so Jhii*?t5P11S 

«/< u^^sc©ttt^0r* 5. 

[019] ^©U^;l«je&t?»te*S 
[ff*OK9!] 



1 
2 

1 2 
1 3 

1 4 

2 1 
2 2 
2 3 
24 
26 



CCDW7 



[03] 
(a)2Bfc» 



2ZZ2 



ZZZZZZ 



[05] 
(a) 

to) 



A* 



[06] 
(a) 



IY r 
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203 
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